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Abstract; [Aim] The quality and type of a prey play key roles in selection, consumption and trophic transfer 
efficiencies by its predators. The nutritional quality of a plant can affect that of the herbivore, which in turn can 
affect the herbivore’ s nutritional quality as the prey for predators. In order to further understand the tritrophic 
interaction among host plants, preys and predators, the effects of the prey’ s host plant species on the predator 
were investigated. [Methods] The effects of the prey’ s host plant species on the predator were assessed by 
studying the consumption and utilization of the cotton aphid, Aphis gossypii Glover (Hemiptera; Aphididae) , 
reared on five species of Cucurbitaceae by the 4th instar larvae and female adults of Hippodamia variegata 
(Goeze) (Coleoptera; Coccinellidae). [ Results] The food consumption was the highest for the 4th instar 
larvae and the female adults of H. variegata when they were fed on the cotton aphids reared on Cucurbita 
moschata var. melonaeformis. The food consumption was the lowest for the 4th instar larvae and female adults of 
H. variegata when they were fed on the cotton aphids reared on Lagenaria siceraria var. gourda. The relative 
growth rate (RGR) , efficiency of conversion of ingested food ( ECI) and efficiency of conversion of digested 
food (ECD) were the highest for the 4th instar larvae of H. variegata when they were fed on the cotton aphids 
from Cucumis melo var. cantalupensis. The RGR did not differ significantly in female adults of H. variegata 
when they were fed on the cotton aphids reared on C. sativus and C. pepo var. medullosa, while the ECI and 
ECD did not differ significantly when they were fed on the cotton aphids reared on C. sativus, L. siceratia var. 
gourda and C. pepo var. medullosa. Therefore, the cotton aphids reared on C. melo var. cantalupensis are more 
suitable preys for the 4th instar larvae of H. variegata, whereas those reared on C. sativus, L. siceratia var. 
gourda and C. pepo var. medullosa are more suitable preys for the female adults. [Conclusion] The predation 
efficiency of H. variegata on the cotton aphids is related to the host plant species. This result makes a 
theoretical foundation for further using the feeding habits of an insect to control insect pests. 
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1 INTRODUCTION 


The quality and type of a prey play key roles in 


selection, consumption and trophic transfer 
efficiencies by predators (Michaud, 2000; Katsarou 
et al., 2005). For example, the nutritional quality 
of a plant can affect the herbivore, and in turn can 
affect the herbivore’ s nutritional quality as the prey 
for predators. Prey quality has been demonstrated by 
feeding predators on the prey reared on different diets 
(Francis et al., 2001; Al-Zyoud et al., 2005). The 
growth and survival rate increased when the wolf 
spider, Pardosa amentata, was fed on the fruit flies 


reared on a nutrient-rich medium (Mayntz and Toft, 
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2001). The congeneric species P. milvina killed 
similar numbers of fruit flies reared on either a high 
or low quality diet, but ingested much more than the 
latter ( Schmidt et al., 2012). Thus, insights into 
predator-prey be gained by 
understanding how the quality of a prey affects its 


interactions can 
consumption and utilization by the predator. 
Quantitative nutritional approaches can be used 
to measure food consumption and utilization. Such 
indices include the consumption index ( CI), 
relative ( RGR ), 
digestibility ( AD ), efficiency of conversion of 
digested food (ECD) and efficiency of conversion of 
ingested food ( ECI) (Chown and Nicolson, 2004). 
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Shobana et al. (2010) used these indices to show 
that the utilization of food by the 
butterfly, Papilio polytes, reared on Citrus medica 


swallowtail 


and Toddalia asiatica was higher compared with 
other three host plants tested. These indices were 
also used to show that cabbage was a more suitable 
host for the cabbage butterfly, Pieris brassicae, than 
other plants tested ( Ansari et al., 2012). Although 
nutritional indices have been used to show how host 
plant quality affects herbivores, there were few 
comparable studies that have used these indices to 
examine the suitability of a prey to predators. 
The cotton aphid, Aphis gossypii 
Aphididae ), is an important 
cosmopolitan agricultural pest with a broad host 


Glover 
( Hemiptera: 


range, and transmits many plant viruses that cause 
substantially greater losses than direct feeding injury 
( Ebert and Cartwright, 1997). A. gossypii has been 
the topic of numerous studies including life history 
parameters on different host plants ( Perng, 2002) , 
population dynamics in the presence of the ladybird 
beetle, Coleomegilla maculata DeGeer ( Rondon et 
al., 2005), and the aphid’ s 
temperatures when reared on pepper (Satar et al., 
2005). 

The ladybird beetle, 
( Goeze ) ( Coleoptera: 
important predator of aphids in numerous field and 


response to 


Hippodamia variegata 
Coccinellidae ), is an 


greenhouse crops ( Kontodimas and Stathas, 2005 ; 
Golizadeh and Jafari-Behi, 2012). To improve its 
use as a biocontrol agent, the researches on H. 
variegata have included its biological characteristics 
(An et al., 2000) , life table parameters ( Lanzoni et 
al., 2004; Kontodimas and Stathas, 2005; Wu et 
al., 2010 ), functional responses ( Jafari and 
Goldasteh, 2009; Farhadi et al., 2010; Li et al., 
2013b) and chemical ecology (Li et al., 2013a). 
The researches on this and other species of 
coccinellids showed that the aphid host plants could 
influence the predator ° s development and 
reproduction. Francis et al. (2001) showed that the 
development and adult weight of Adalia bipunctata 
fed on the peach-potato aphid, Myzus persicae 
Sultzer, differed according to the aphid’ s host plant 
species. 

In this study, we compared the consumption 
and suitability of A. gossypii populations reared on 
five plant species for H. variegata. In previous 
work, Wu et al. (2009) showed that A. gossypii 
reared on these plant species differed in nutritional 
quality. Farhadi et al. (2010) reported that the 4th 
instar larvae and female adults of H. variegata 
consumed the most prey, Aphis fabae ( Scolpoli ). 


Other authors got similar results (Feng et al., 2000; 
Pang et al., 2000; Lee and Kang, 2004). The study 
from Wu et al. (2010) showed that the aphids from 
five host plant species influenced the development of 
H. variegata. However, we do not know how much 
the beetles can consume and utilize for their 
development. Therefore, we further used the 4th 
instar larvae and female adults of H. variegata to 
determine the influence of five Cucurbitaceae host 
plant species of A. gossypii on food utilization of H. 
variegata in the laboratory. 


2 MATERIALS AND METHODS 


2.1 Stock cultures 

Aphis gossypii was collected from cucumber 
plants grown in a greenhouse in Hohhot (111°48' E, 
40°49’ N), Inner Mongolia, China. These aphids 
were used to start five colonies, each reared for at 
least five generations on either squash Cucurbita 
moschata (var. melonaeformis Poitet) , cucumber 
Cucumis sativus L., zucchini Cucurbita pepo ( var. 
medullosa L. ) , calabash Lagenaria siceraria ( var. 
gourda Stand) or honeydew melon Cucumis melo 
(var. cantalupensis L. ). These species were the 
main hosts of A. gossypii in China. For each host 
species , 3 —4 plants were grown in pots (14 cm x 17 
cm, 30 pots per species) of nutrient soil mixed with 
vermiculite (4: 1, m/m). Plants were trimmed to 
maintain them at a small size with 4 -6 mature leaves. 

Hippodamia variegata adults were collected 
from fields of Medicago sativa L. at Inner Mongolia 
Hohhot, China. 
(one male, one female) were held in Petri dishes 
(16.0 cm in diameter and 2. 6 cm in depth) with 
moist filter paper on the bottom. Beetles were fed on 


Agricultural University, Beetles 


Myzus persicae (Sulzer) before experiments. Eggs laid 
by these beetles were used in this experiment. Host 
plants and insects were maintained at conditions of 
25 +1% , 60% +10% RH and 16L: 8D photoperiod. 
2.2 Nutritional indices 

Newly-hatched beetle larvae ( < 24 h) were 
collected from the laboratory cultures and kept 
individually in separate Petri dishes as described 
above. Larvae were daily provided with aphids (50 
mg) from five host plants, i. e., C. pepo, C. melo, 
and C. 


respectively, and the unconsumed aphids from the 


L. siceraria, C. sativus moschata , 
previous day were removed. In this manner, larvae 
were reared to obtain the 4th instar larvae and female 
adults. Using a soft brush, 10 newly-molted 4th 
instar larvae and 10 females were transferred to 
individual Petri dishes. Each beetle was starved for 


24 h and then provided with 3rd — 4th instar larvae of 
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aphids (80 mg) from one of the five host plant 
species. Thus, a total of 100 Petri dishes with filter 
paper were maintained, i. e., (10 4th instar larvae 
and 10 females) x 5 host plant treatments. We 
calculated the weight of faeces by weighing the filter 
paper before and after feeding. The weight of the 
larvae and the female adults, aphids fed, aphids left 
uneaten and faecal matter produced were recorded 24 
h later using an electronic balance ( Sartorius 
BP211D, precision = 0.01 mg). The indices were 
calculated using the following formulae ( Chown and 
Nicolson, 2004) ; 

Consumption index (CI); CI =E/TA; 

Relative growth rate ( RGR) : RGR =G/TA; 

Approximate digestibility (AD); AD = (E - 
F)/E x 100; 

Efficiency of conversion of digested food 
(ECD): ECD =G/(E-F) x100; 

Efficiency of conversion of ingested food 
(ECT); ECI = G/E x 100. 

Where, T = duration of feeding period (days) , 
A = mean fresh weight of prey insect over unit time, 
E = fresh weight of food eaten, F = weight of faeces, 
G = fresh weight gain of predator insect during 
feeding period. 
2.3 Data analysis 

Nutritional indices of H. variegata reared on 
aphids from different plant species were compared 
with one-way analysis of variance (ANOVA, critical 
P =0.05) tests. Mean values were compared with 
Tukey’ s HSD post-hoc tests. Data were analyzed with 
the statistical package SPSS 12.0 (SPSS Inc. 2003). 


3 RESULTS 


3.1 Food consumption, faecal output and weight 
gain of H. variegata on different aphid populations 

The source plants of the aphid affected its 
consumption by H. variegata (Table 1). This was 


true for both 4th instar larvae ( F, 4 = 36.298, P < 
0.001) and female adults (F,4; = 16. 843; P < 
0.001). The food consumption was the highest when 
the 4th instar larvae of H. variegata were fed on the 
aphids from C. moschata , while the lowest when 
they fed on the aphids from L. siceraria. The food 
consumption was the highest when the female adults 
of H. variegata were fed on the aphids from either 
C. moschata, C. pepo or C. 
lowest when the females were fed on the aphids from 


sativus, while the 


L. siceraria. The food consumption of the larvae was 
significantly higher than that of the female adults. 

The source plants of the aphid also affected the 
faecal output by H. variegata ( Table 1). Faecal 
output did not differ significantly when the 4th instar 
larvae of H. variegata were fed on the aphids from 
C. melo, L. siceraria or C. sativus ( P >0.05), or 
when the female adults were fed on the aphids from 
C. pepo, L. When the 
female adults of H. variegata were fed on the aphids 
from C. pepo, their faecal output was significantly 
higher than that of the larvae fed on the same host 
(P<0.05). When H. variegata were fed on the 
aphids from the other four host plants, the faecal 
output of the larvae was significantly higher than that 
of the female adults ( P <0. 05). 

It was observed that the 4th instar larvae of H. 
variegata gained the most weight compared to the 
female adults on all host plants ( Table 1). A 
significantly higher weight gain was evident when the 
larvae were fed on the aphids from C. melo, followed 
by those fed on the aphids from L. siceraria, C. 
The higher 


weight gain was evident when the female adults were 


siceraria or C. sativus. 


sativus, C. moschata and C. pepo. 


fed on the same aphids from C. sativus and C. pepo. 
Average gain weight of the larvae was significantly 
higher than that of the female adults except feeding 
the aphids from C. pepo. 


Table 1 Food consumption, faecal excretion and weight gain and F values tested for the 4th instar larvae and 
female adults of Hippodamia variegata fed on Aphis gossipii from different host plant species 


Fresh food consumed (mg) 


Faecal matter ( mg) Average weight ( mg) 





Host plants 


4th instar larva Female adult 


4th instar larva 


Female adult 4th instar larva Female adult 





Cucumis melo 


; 29.75 +0.32 ab 25.71 +0.43 b* 1.06 +0.09 c 0.42 +0.03 ab* 5.09 +0.13 e 0.67 +0.04 a* 
var. cantalupensis 
Lagenaria siceraria 
25.84 +0.50 a 22.64 +0.38 a* 0.91 +0.05 c 0.55 +0.09 be* 3.01 +0.21 d 1.20 +0.15 b* 
var. gourda 
Cucumis sativus 29.04 +0.33 b 26.99 +0.42 bc* 0.96 +0.09 c 0.60 +0.03 c* 2.44 +0.12 c 1.67 +0.18 c* 
Cucurbita moschata 
ine 32.55 +0.50 d 28.02 +0.77 c* 0.66 +0.05 b 0.39 +0.04 a* 1.68 +0.11 b 0.99 +0.05 ab* 
var. melonaeformis 
Cucurbi 
PEBR 30.60 +0.34c 27.16 40.46 be* 0.35+0.03a  0.64+0.03 c* 0.53+0.02a 1.60 +0.05 c* 


var. medullosa 


Data are mean + SE, and the means followed by different letters in the same column indicate significant difference at the 0. 05 level by Tukey’ s test among 


different host plants. The asterisk indicates significant difference at the 0. 05 level between larvae and adults. 
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3.2 Indices of food utilization of H. variegata 
fed on different aphid populations 

Consumption indices (CI) of H. variegata also 
were affected by source plants of aphids for the 4th 
instar larvae ( F, 4 = 3.659, P =0. 012 <0. 05) 
and the female adults ( F, 4; =11. 505, P <0. 001) 
(Fig. 1). The higher CI value of the 4th instar 
larvae was recorded on C. melo, C. moschata and 
C. pepo, and the lowest on L. siceraria as compared 
with those on the other host plants tested. The higher 
CI value of the female adults was recorded on C. 
moschata, C. pepo and C. sativus compared with 
those on the other two plants tested. 

Source plants of aphids affected significantly the 
approximate digestibility (AD) for both 4th instar 
larvae (Fy4; = 21.543, P <0. 001) and female 
adults of H. variegata (F 44; =5.164, P =0. 002 < 


b 


0.01) (Fig. 1). The AD value was higher when the 
4th instar larvae were fed on the aphids from C. pepo 
and lower when they were fed on the aphids from C. 
melo , L. siceraria and C. sativus. The AD value was 
higher when the female adults were fed on the aphids 
from C. moschata and C. melo than on those from 
the other three plants tested. 

Relative growth rates ( RGR) was also affected 
by source plants of aphids for the 4th instar larvae 
(F, 4; =88. 828, P <0.001) and female adults of H. 
variegata ( F, 4; =18.153, P <0. 001) (Fig. 1). The 
RGR value was the highest when the 4th instar larvae 
were fed on the aphids from C. melo and the lowest 
when they were fed on the aphids from C. pepo. The 
RGR value was higher when the female adults were fed 
on the aphids from C. sativus and C. pepo, and the 
lowest when they were fed on the aphids from C. melo. 





RGR 


AD (%) 


ECI (%) o 


— 


ECD (%) 





IV V 


Host plants 


Fig. 1 


Indices of food consumption and utilization of Hippodamia variegata fed on different Aphis gossipii 


populations from five host plant species 


Į : Cucumis sativus; I| ; Lagenaria siceraria var. gourda; ||: Cucumis melo var. cantalupensis; IV : Cucurbita moschata var. melonaeformis; V : 


Cucurbita pepo var. medullosa. A, C, E, G, I; 4th instar larva; B, D, F, H, J; Female adult. CI; Consumption index; RGR; Relative growth 


rate; AD; Approximate digestibility; ECI; Efficiency of conversion of ingested food; ECD; Efficiency of conversion of digested food. Data in the figure 


are mean + SE, and different letters above bars indicate significant difference among different host plants at the 0.05 level by Tukey’ s test. 
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The ECI values of the female adults (F445 = 
11.604, P <0. 001) and 4th instar larvae of H. 
variegata ( F, 4, = 143. 802, P < 0. 001) differed 
significantly when they were fed on the aphids from five 
host plants. The ECI value of the larvae was 
significantly higher on C. melo than on the other four 
host plant species and the lowest on C. pepo. The ECI 
value was higher when the female adults were fed on 
the aphids from C. sativus, L. siceraria and C. pepo. 

The mean efficiencies of conversion of digested 
food (ECD) were also significantly different among the 
4th instar larvae ( F, 4; = 138.703, P <0. 001) and 
female adults of H. variegata (Fy 4; = 11.756, P < 
0.001) on five host plant species of aphids. The ECD 
value was significantly higher when the larvae were fed 
on the aphids from C. melo and the lowest when the 
larvae were fed on the aphids on C. pepo. However, 
the ECD values were also higher when the female 
adults were fed on were the aphids from C. sativus, L. 
siceraria and C. pepo than from the other two plants. 


4 DISCUSSION 


Evaluating nutritional indices of a predator was 
one of the best ways to assess prey quality. Since 
Waldbauer’ s excellent review ( Waldbauer, 1968) , 
many researchers have begun to use nutritional 
indices to improve understanding of nutritional 
physiology and insect ecology (Chown and Nicolson, 
2004). The concept of prey quality for a predator 
should include all aspects of the nutritional value of 
the prey as food, and it is relevant to the fitness of 
the predator (Toft and Wise, 1999). In order to 
attain the ideal growth performance, the predator 
must obtain necessary nutrients in a suitable prey 
whose nutrients are affected by their host plants. The 
analysis of constituents of prey can provide the 
detailed content of prey, but can tell nothing about 
its quality. The quality of different preys can be 
evaluated by comparing the food utilization when they 
were kept on different diets. It also means that the 
fitness of a predator can be evaluated without 
knowledge on nutritional constituents of food. 
reports 
parameters of food utilization to measure the favorite 
host plants of a herbivore (Xue et al., 2010; Ansari 
et al., 2012; Hemati et al., 2012). In the current 
study, the parameters of food consumption and 


There were some about using the 


utilization of H. variegata fed on aphids from five 
host plant species were evaluated. The results 
indicated that the food consumption of the 4th instar 
larvae was significantly higher than that of female 
adults. Other studies also reported that the 4th instar 
larvae of ladybird beetles have the highest prey 


consumption, and may be considered as the most 


efficient predatory stage in aphid management 
strategies ( Farhadi et al., 2010; Omkar and Kumar, 
2013). The growth of the 4th instar larvae needs 
more food and nutrients to develop into adults. 

Our results showed that the host plant species of 
the cotton aphid affected significantly the nutritional 
indices of the 4th instar larvae and female adults of 
H. variegata. However, the food utilization of 
female adults were not as sensitive as the 4th instar 
larvae when the beetles were fed on aphids from five 
tested plants because the F values of all indices 
except CI for the 4th instar larvae were much bigger 
than those for the female adults among five tested 
plant species. For the 4th instar larvae, the highest 
RGR, ECI and ECD were found on the aphids from 
C. melo. This reinforces the suggestion that the 
aphid from C. melo was considered to be the most 
suitable prey for the survivorship of the 4th instar 
larvae of H. variegata ( Wu et al., 2010). For the 
female adults, the nutritional indices except AD on 
C. sativus, L. siceraria and C. pepo were usually 
significantly higher than those on the other two 
plants, indicating that the aphids from C. sativus, 
L. siceraria and C. pepo were considered to be the 
more suitable prey for the development of the female 
adults of H. variegata. This difference may be due 
to the different nutritional requirements between 
larvae and adults. 

This study showed that different host plant 
species of the cotton aphid had a significant influence 
on the food consumption and utilization of H. 
variegata. Other researchers got similar results that 
the host plant species of a prey could affect the 
consumption and utilization of food by its predators 
(Xue et al., 2010; Ansari et al., 2012; Hemati et 
al., 2012). This may be because the host plant 
species affect the nutritional quality of the prey. 
Plant species or cultivars can significantly affect the 
storage of lipids in aphids ( Febvay et al., 1992). 
The pea aphids, Acyrthosiphon pisum Harris, reared 
on alfalfa stored much more fatty acids than those 
reared on faba bean ( Giles et al., 2002). The five 
host plant species used in this study affected 
significantly the nutritional quality of A. gossypii for 
the predator ( Wu et al., 2009). 

These studies offered knowledge for better 
understanding the relationship among host plant-prey- 
predator. It showed that it was necessary to know the 
interactions among trophic levels for biological 
control. Knowledge of how host plants of the prey 
affect the consumption and utilization of food by the 
predator can help one to select the right host plants 
for rearing natural predatory enemies in biological 
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control. The mechanism remains to be investigated. 
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